Material and Methods

Purification and isolation of digitoxin
Seventeen g of a D. lanata methanolic extract enriched in A-series cardenolides were dissolved in 250 mL acetone and filtrated through a Büchner funnel under reduced pressure. The insoluble residue was washed with 100 mL of acetone and the eluate was further filtrated over 30 g of activated carbon in a glass funnel. The insoluble residue was washed with 100 mL of acetone and the eluate was evaporated to dryness resulting in a semipurified extract (8 g). Circa 4 g of it were dissolved in 100 mL chloroform and filtrated under reduced pressure over 50 g of silica gel (0.04-0.063 mm) in a glass funnel. Digitoxin (DTG) was purified by flash chromatography (0 = > 100% ethyl acetate in chloroform: 0, 10, 30, 50, 70, 100%; 10 = > 50% acetone in ethyl acetate, 10%, 50%). Fractions of 8 × 50 mL, respectively, were collected and analyzed by TLC.
Fraction containing DTG (purity > 98%, 36-43) were combined, and purified DTG was analyzed by UPLC-ESI-MS.
Preparation of digitoxigenin-bisdigitoxoside
Two g of digitoxin (2.6 mmol) were dissolved in 95% ethanol (160 mL) and 2 g of sodium periodate (NaIO4, 9.35 mmol) in water (20 mL) were added under stirring. After 2 h, the reactional medium was filtrated and concentrated under reduced pressure to remove the ethanol at a maximum temperature of 40°C. The concentrated filtrate was then extracted with chloroform (5 × 20 mL) and washed with water (5 × 20 mL). The organic solvent was dried over anhydrous sodium sulfate and evaporate under reduced pressure at 40°C to produce dialdehyde I as the intermediate product.
To obtain the digitxogenin-bisdigitoxoside, the reduction and hydrolysis reactions were modified and conduced in two steps. The dialdehyde I (1.8 g, 2.36 mmol) dissolved in methanol 4 (180 mL) was reduced with NaBH4 (900 mg, 0.024 mol) at room temperature. After 2 h, the reaction mixture was neutralized with a 5% aqueous solution of acetic acid (around 2-3 mL for reaching pH 6-7) and concentrated under reduced pressure. The concentrated solution was extracted with distillated chloroform (5 × 20 mL) and washed with water (5 × 20 mL). In contrast to the patent description, the organic layer was dried over anhydrous sodium sulfate and evaporated to dryness to give dimethylol I (1.8 g).
To a stirred solution of dimethylol I (1.8 g, 2.35 mmol) in methanol (160 mL), 0.05 N hydrochloric acid (24.1 mL) was added and kept under room temperature for 2-2.5 h. The reaction mixture was then neutralized with 12 mL of a 0.1 N aqueous solution of sodium carbonate and evaporated to remove the volatile solvent. The concentrated solution was extracted with chloroform (5 × 20 mL) and washed with water (5 × 20 mL). The organic layer was dried over anhydrous sodium sulfate and evaporated to dryness to afford 1.5 g of digitxogenin-bisdigitoxoside.
Preparation of digitoxigenin-monodigitoxoside (evatromonoside; EV)
The preparation of EV followed the procedure described above. To a solution of digitoxigeninbisdigitoxoside (1.5 g, 2.3 mmol) in 95 % EtOH (100 mL), sodium periodate (1.5 g, 7 mmol) in water (20 mL) was added. The reaction mixture was kept for 2 h at room temperature. It was then filtrated to remove the solid residue and concentrated to reduce the volatile solvent. The concentrated filtrate was extracted with chloroform and washed with water. The organic layer was dried over anhydrous sodium sulfate and evaporated under reduced pressure to give 1.4 g of dialdehyde II. Subsequently, dialdehyde II (1.4 g, 2.16 mmol) was dissolved in methanol (150 mL), then NaBH4 (750 mg, 0.02 mol) was added and the reaction kept at room temperature for 2 h. The reaction mixture was then neutralized with a 5% aqueous solution of acetic acid and concentrated under reduced pressure. The concentrated solution was extracted with chloroform (5 × 20 mL) and washed with water (5 × 20 mL). The organic layer was dried over anhydrous sodium sulfate and evaporated to dryness to afford the dimethylol II (1.2 g).
In the sequence, 1.2 g of dimethylol II (1.84 mmol) in methanol (120 mL) was added to 0.05 N hydrochloric acid (10.8 mL) and kept under room temperature for 2.5 h. The reaction mixture was then neutralized with 5.5 mL of a 0.1 N of aqueous solution of sodium carbonate and evaporated to remove the volatile solvent. The concentrated solution was extracted with chloroform (5 × 20 mL) and washed with water (5 × 20 mL). The organic layer was dried over anhydrous sodium sulfate and evaporated to dryness to give evatromonoside (0.87 g).
UPLC-ESI-MS
All UPLC-ESI-MS analyses were conducted using an ACQUITY Ultra Performance LC system 
NMR analysis
NMR spectra were recorded on a JEOL Alpha500 spectrometer (500 MHz, 11.7 T) by using a tunable 5 mm probe head and an inverse field gradient 5 mm probe head, respectively. Acetylated and non-acetylated compounds were measured in acetone-d6 and methanol-d4, respectively, and the spectra were recorded at 26°C. Spectra are referenced to the ( values (drug concentration that reduced enzyme activity to 50%). Bonferroni correction was applied. P values < 0.001 were considered statistically significant.
Data were analyzed using GraphPad Prism 5 Software.
